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FOREWORD 

ENGINE  AND  AIRPLANE  PERFORMANCE  DATA 

The  engine  and  airplane  performance  provided  in  the  main  body 
of  this  document  is  based  on  engine  performance  data  received  prior  tc 
15  July  1966. 

The  RFP  provides  for  firm  technical  engine  data  to  be  submitted 
on  8  August  1966.  The  predicted  effeot  of  this  data  is  of  interest  to 
the  readers  of  this  document.  Accordingly,  an  addendum  summarising 
the  effect,  of  the  8  August  1966  engine  performance  on  the  B-2707  S8T 
has  been  inserted  Into  the  following  documents: 


V2-B2707-3 

V2-B2707-12 

V4-B2707-1 

V4-B2707-4 


Aerodynamic  Design  Report 
Propulsion  Report  -  Part  A 
Operational  Suitability  Report 
Airport  and  Community  Noise  Program 


The  performance  Information  contained  in  the  Summary  document, 
the  Model  Specification,  and  the  Statement  of  Work  is  based  upon  the 
8  August  1968  firm  technical  data. 
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-!•&  INTRODUCTION 


The  Airport  and  Community  Noise  Procram  is 
ojUed  to  byPAA  Re,u„t  to  PropoS  to 
Phase  HI  of  the  SST  Development  Program. 

■?*  Community  Noise  Program  is 
part  of  Vol.  IV,  Systems  Integration.  The 
purpose  of  this  document  is: 

a.  To  present  the  airport  and  community 
noise  characteristics  of  the  B-2707  airplane 
with  each  of  the  offered  engines  installed. 

b.  To  present  the  airport  and  community 
noise  characteristics  of  the  B-2707  airplane 

a  B<*b«  jet  suppressor  installed  on  each 
of  the  offered  engines. 

th«  f0  preseut  *be  Boeing  predictions  of 
the  installed  noise  characteristics  of  the  offered 
engines,  together  with  the  background  and  pro- 
cedures  used  to  arrive  at  these  predictions. 

It  will  include  a  discussion  of  the  effects  of  noise 
s*PTO?sjon-devices  on  iastailed  noise  levels. 

_  .  d'  To  Present  an  airport  and  co  mmunity 
noise  activities  program,  with  detailed  activities 
an^  schedules,  to  satisfy  the 
RFP,  Sec.  5-IV-A.  2.d  and  e. 

The  eimeUent  low-speed  flight  characteristics 
of  the  R-2707  together  with  the  high  thrust  loading 
and  noise  suppression  capabilities  of  die  prooul- 
slon  system,  provide  great  flexibility  to  the  ope r- 
ator  in  adapting  to  the  various  airport  noise 


restrictions.  Specifically,  the  B-2707  will 
provide  tee  flexibility  to: 

a.  Meet  FAA  objectives  of  HOPNdB  at  the 

airport  and  lOSPNdB  in  tee  community  during 
takeoff  and  ciimboui.  ** 

b.  Meet  tee  FAA  objective  of  109PNdB  in 
the  community  during  landing  approach. 

c.  Maintain  low  noise  levels  during  ramn 

and  taxi  operations,  *  p 

Realizing  the  importance  of  further  noise  reduc¬ 
tions  Boeing  is  continuing  «n  intensive  research 
and  development  effort  to  provide  more  effective 
means  of  noise  suppression.  Some  of  the  results 
of  this  program  are  coyered  in  ihis  document  and 
a  complete  report  on  this  work  is  included  in 
Propulsion  Report,  V2-2707-13. 

Additional  airport  and  community  noise  dls- 

Design 

R^ort,  V2-B2707-3,  Airplane  Performance 
(G£),  V2-B2707-4,  Airplane  Performance 

SS&B«07Vi2"?2!l7rt’  lmd  c^eratiQnal  Suitability, 
b1  ***&  operational  techniques  are 
tntepated  with  engine  noise  characteristics,  and 
Bbfy  reports.  Airport  Com¬ 
patibility  Analysis,  in  which  noise  contours  have 
been  applied  to  specific  airports.  Noise  allevia- 
tion  by  means  of  airplane  design  is  discussed  in 
System  Engineering  Report,  V2-B2707-1. 
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2.0  B-2707  NOISE 

The  noise  environment  at  the  airport  and  the 
community  during  takeoff,  departure,  landing 
approach,  ground  operations,  and  maintenance 
has  been  predicted  by  combining  OB4/.T5P  and 
P&WA  JTF  17A-21B  engine  noise  characteristics 

with  the  performance  characteristics  of  die  . 

B-2707.  The  predicted  noise  characteristics 
of  each  engine  have  been  based  on  two  different 


CHARACTERISTICS 

engine  exhaust  nozzle  configurations:  1)  Hie 
configuration  offered  by  the  engine  contractor 
and  2)  an  advanced  suppressor  configuration 
to  be  made  available  by  Boeing  for  the  B-2707. 

In  establishing  the  noise  environment  of  the 
B-2707  Boeing  has  also  Included  the  inlet  noise 
suppression  achieved  by  use  of  toe  Boeing  designed 
sonic  inlet. 


Tabl*  2-A.  Airport  and  Community  Malta  Levels  with  Engine  Mann lecturers  Jot  Suppression 


TAKEOFF 
KEtGHT, 
-1,000  LB 

TEMP. 

FIELD  ALTITUDE, 
FT. 

COMMUNITY  NOISE,  # 
PNdB 

B-2707 

P  SKA 

- - - 

MAXIMUM  AUGMENTED  TAKEOFF  •  NOISE  ABATEMENTCLtM) 

59"F 

n 

117.0 

121.0 

105.0 

- 675 - 

- 86*F 

116.5 

1205 

112.0 

beezhib 

675 

52°  F 

116.5 

120.5 

675 

4S*F 

KjSB 

_ U6.Q. 

112.5 

106.0  1 

•PART  POWER  TAKEOFF  -  N 

OISE  ABATEMENT  CUMB0U 

I . . .  1 

DOMESTIC 

575 

55®  F 

0 

115.0' 

117.0 

99.0 

575 

86®F 

0 

114.5 

116.5 

K7S 

105.0 

575 

52°  F 

115.5 

116.5 

KTS 

KMX 

575 

45°  F 

114.0 

116.0 

108.0 

•MAXIMUM  DRY  POKER  FOR  8-2707  (GE) 

.5  AUGMENTED  POKER  FOR  8-2707  (PSKA) 
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T oUo  i-0.  Airport  md  Community  Hollo  Lovol  with  Boning  Jnt  Ui pprotilon 


mi 


2. 1  TAKEOFF  NOISE 

The  noise  levels  predicted  for  the  airport  and 
community  during  takeoff  and  climboui  of  the 
B-2707  International  (675,000  lb  gross  weight) 
and  die  B-2707  Domestic  (575, 0(H)  lb  gross 
weight),  for  a  number  of  airport  altitudes  and 
ambient  temperature  conditions  are  given  in 
Table  2-A  with  the  engine  manufacturers  nozzles 
and  in  Table  2-B  for  foe  Boeing  suppressors. 

The  community  noise  levels  shown  are  based  on 
a  maximum  augmented  thrust  takeoff  with  a  thrust 
reduction  that  results  in  an  unaceelerated  rate  of 
climb  of  500  at  a  point  one  statute  mile  beyond 
foe  departure  end  at  foe  runway.  The  thrust 
reduction  is  smooth  beginning  several  seconds 
before  reaching  foe  three  mile  point,  thus  achieving 


the  forust  required  for  500  fpm  rate  at  climb  as 
foe  airplane  passes  over  the  three  mile  point. 

The  resulting  altitude  and  engine  thrust  require¬ 
ment  produce  a  noise  level  in  foe  community  at 
foe  three  mile  point  of  lOOPNdB  (GE  Suppression) 
and  98PNdB  (Boeing  Suppression)  for  foe  B-2707 
(GE)  International  airplane  at  675, 000  pounds 
takeoff  gross  weight  and  105  PNdB  (P&WA  Sup¬ 
pression)  and  104  PNdB  (Boeing  Suppression) 
for  the  B-2707  (P&WA)  International  airplane  at 
the  same  gross  weight.  The  decrease  in  airport 
nofoe  with  increase  in  ambient  temperature  and 
airport  altitude  is  the  result  of  changes  In  two 
jet  engine  parameters:  1)  jet  velocity  and  2) 
jet  density.  The  increase  in  community  nofoe 
with  increase  In  ambient  temperature  and  airport 
altitude  to  foe  result  of  changes  In  1)  ermine  jet 


velocity  and  density  and  2)  reduced  climb-out 
rate  and  therefore  reduced  altitude  over  the 
community, _ 


The  changes  in  airport  and  community  noise  levels 
as  functions  of  takeoff  power  and  airplane  gross 
weight  are  shown  in  Figs.  2-1,  and  2-2,  for  the 
airplane  equipped  with  jet  suppressors  as  pro¬ 
vided  by  the  engine  manufacturer  and  in  Figs. 

2-3  and  2-4,  for  the  airplane  equipped  with  Boeing 
jet  suppressors.  The  large  reductions  in  both 
airport  and  the  community  noise  levels  afforded 
by  the  Boeing  jet  suppressor  are  readily  apparent. 

The  noise  exposure  contours  below  and  to  the  side 
of  the  airplane  takeoff  flight  path  resulting  from 
standard  noise  abatement  techniques  on  a  standard 
day  are  presented  in  Figs.  2-5  through  2-12.  The 
predicted  noise  levels  are  in  units  of  both  PNdB 
(Figs.  2-5  through  2-8)  and  PNdB  seconds  (Figs. 
2-9  through  2-12).  Units  of  PNdB  are  based  on 
the  maximum  noise  heard  by  the  observer  regard¬ 
less  of  time  or  direction  of  the  noise.  Units  of 
PNdB  seconds  are  based  on  the  maximum  instan¬ 
taneous  PNL  with  correction  factors  for  time 


duration  of  die  noise  and  for  the  presence  of 
discrete  frequency  noise  in  the  total  noise  spoc- 

trum.  The  method  used  in  calculating  PNdB - 

seconds  is  given  in  Ref  1.  Use  of  a  sonic  inlet, 
and  fan  duct  acoustic  lining  in  the  case  of  the 
turbofan  engine,  reduces  the  discrete  frequency 
content  of  the  noise;  climbout  at  increased  speed 
minimizes  the  effect  of  time  duration.  As  a 
consequence,  the  noise  exposure  contours  calcu¬ 
lated  in  PNdB  seconds  are  not  appreciably  different 
from  noise  contours  calculated  in  PNdB  directly 
under  the  flight  path.  However,  sideline  noise  does 
increase  when  measured  in  PNdB  seconds  because 
of  the  correction  factor  for  time  duration.  The 
predicted  noise  level  contours  (PNdB)  for  the 
B-2707  (GE)  and  B-2707  (P&WA)  International 
airplanes  equipped  with  Boeing  suppressors  arc 
presented  In  Figs.  2-13  and  2-14.  The  reduction 
in  lateral  spread  of  the  noise  as  well  as  the  abso¬ 
lute  noise  level  is  apparent. 

2.2  LANDING  APPROACH 

Approach  noise  one  mile  from  the  end  of  the  run¬ 
way  with  the  airplane  flying  a  3 -deg  glide  slope 
ILS  approach  is  tabulated  in  Table  2-C.  For  a 


To bio  2-C.  Lending  Noise  Level* 


AIRPLANE 

LANDING 

WEIGHT 

1000  LB 

COMMUNITY  NOISEO,  PNdB 

SEA  LEVEL 

59°  F 

SEA  LEVEL 

86°  F 

2,000  FT  ALT 
52‘F 

4.000  FT  ALT 

45  °F 

B-2707  (P&W) 

•  420 

111 

112 

112 

113 

“  420 

115 

HS 

116 

117 

*  400 

111 

112 

112 

113 

**  400 

115 

116 

116 

117 

B-2707  (GE) 

*  430 

109 

109 

110 

**  430 

112 

113 

113 

114 

‘410 

108 

109 

109 

no 

“  410 

112 

113 

113 

114 

1  STATUTE  MILE— 


standard  day  at  maximum  imdtag  weight,  the 
PNL  to  predicted  to  be  112  PNdB  and  US  PNdB 
for  foe  E-2707  (GE)  and  B-2707  (P&WA)  airplanes 
respectively.  The  use  of  a  scale  islet  aad  treated 
duet  lining  lowers  the  PKL  aad  reduces  foe  waoy* 
ease  factor  commonly  connected  with  foe  presence 
of  pure  fops  (whins)  to  foe  leading  notoe  spectrum, 
By  scheduling  a  maximum  nozzle  throat  area  at 
landing  foe  jet  velocity  to  lowered.fous  reducing 
the  low  frequency  noise  to  a  level  where  it  will 
not  be  a  problem. 

The  noise  levels  below  and  to  foe  side  of  foe  air* 
plane  landing  approach  path  for  st  3  deg  glide 
slope  are  shown  in  Figs.  2-15  through  2-18  for 
both  airplanes.  Notoe  contours  in  units  of  PNdB 
(Figs.  2-15  and  2-16)  and  PNdB  seconds  (Figs. 
2-17  and  2-16)  are  shown.  Because  of  foe  short 
time  duration  during  landing  approach  fly- over, 
the  maximum  PNdB  seconds  noise  level  directly 
under  foe  flight  path  to  less  than  foe  noise  calcu¬ 
lated  in  units  of  PNdB.  Also  shown,  at  two  points 
'in  foe  community,  are  noise  levels  that  would  be 
enpertecned  if  the  engines  were  not  suppressed., 
Substantial  improvement  has  been  made  through 
suppression  not  only  id  fob  maximum  level  but 
In  foe  spread  of  aoisa  to  foe  side  cl  foe  flight 
path. .  ■ 


B-2707  (GE)  or  B-2707  (PfcWA)  airplane  (see  Fig. 
2-18).  These  low  noise  levels  are  foe  result  of 
near  sonic  conditions  in  foe  inlet,  acoustic  treat¬ 
ment  in  the  fan  discharge  duct,  and  reduced  jet 
velocities  from  the  engine  tailpipes.-  With  variable- 
area  inleta  In  foe  minimum-throat  position,  which 
to  foe  normal  ease  for  ground  operations,  foe 
■  engines'  air  demwuifor  taxi  thrust  raises  the  inlet 
throat  Mach  number  to  about  0. 8.  Although  this  is 
below  sonic  flow,  tests  have  shown  that  inlet  noise 
to  attenuated  10dB  or  more  at  these  velocities 
(Par,  4,2  and  Ref.  2).  Jet  velocities  are  lov 
because  of  foe  open  tailpipe  concept  used  on  both 
engines  at  reduced  power.  The  taxi  noise  levels 
ate  based  on  a  taxi  thrust  requirement  of  3  percent 
of  foe  gross  weight  of  the  airplane. 

2.4  MAINTENANCE  SUNUPS 
It  to  expectea  that  at:  seme  maintenance  bases, 
ground- runup  suppressors  will  .be  used  for  ex¬ 
tended  maintenance  testing  at  high  power.  Ground 
runup  suppressors  offering  25dfi  noise  reductions 
will  be  available.  With  the  Jr  use,  foe  maximum 
PNL  that  will  be  experienced  at  a  distance  of 


2.3  grounv  ^ebati 

’Notoo  ^veia  resulting  from  ground  operations  near 
airpoHtemitoaIa  itoAl,  eto> )  are  comparable  with 
fotwe  preaesrty  e^iartohoed  with  Urgoaubsonic 
Jet  vtanapyirt  ofo»f*ttoK*.  Maximum  PNL's  along 
a  UO*  *m  ft  iJtotefo-frbai  foe  atop  tone’*  line  of 
taxi  wili  no-,  eXttoed  'It#  PNnB  for  either  foe 


1^500  ft  from  foe  engine  during  maximum  augmen¬ 
tation  will  be  99  PNdB  with  foe  GE  4/J5P  engine 
-and  97  PNdB  wifo  the  P&WA  JT.F17A-21B  engine. 
Maintenance  personnel  stationed  at  necessary 
positions  near  foe  airplane  during  such  runups 

will  not  be'  subjected  to  overall  sound  pressure _ 

levels  (SPL)  in  excess  of  !40dB  nor  to  speech 
interference  levels  (SIL)  above  !30dB.  a  plot 
Of  foe  suppressed  noise  levels  for  both  engines 
to  shown  is  Fig*  2-20.  The  predicted  spectra 
for  1,500  ft  and  for  foe  near  field  are  shown 
In  Fig.  2-21. 
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3. 0  SST  ENGINE  NOISE  CHARACTERISTICS 


3. 1  UNSUPPRESSED  ENGINE  NOISE 
CHARACTERISTICS 

The  unsuppressed  noise  levels  predicted  for  the 
GE  4/J5P  and  the  P&WA  JTF17A-21B  engines 
are  presented  in  Figs.  3-1  and  3-2  for  points 
directly  beneath  the  flight  path  as  a  function  of 
inflight  thrust  setting.  Also  shown  are  the  pre¬ 
dicted  suppressed  noise  levels  discussed  in 
Par.  2.2.  Two  altitudes  are  shown.  The  400-ft 
altitude  is  a  direct  result  of  applying  the  SAE 
noise  prediction  procedures.  The  1 , 500-ft 
altitude  noise  data  allows  interpolation  of  noise 
levels  at  other  flight  altitudes. 

Figures  3-3  and  3-4  show  ground  noise  for  points 
1,500  ft  to  the  side  of  the  runway  as  a  function  of 
ground  thrust  setting.  Tables  3-A  and  3-B  show 
noise  spectra  predicted  for  seven  specific  engine 
operations:  1)  maximum  augmentation,  2)  max¬ 
imum  dry  power  for  the  GE  4/J5P,  3)  130  per - 

cent  of  maximum  dry  power  for  the  P&WA 
JTF17A-21B  engine,  4)  noise  abatement  outback 
thrust  for  the  675,000  lb  International  B-2707, 

5)  noise  abatement  cutback  thrust  for  the  575,000 
lb  domestic  B-2707,  6)  landing  approach  thrust, 
ami  7)  taxi  thrust.  Tim  engine  operating  con¬ 
ditions  were  chosen  because  of  their  significance 
in  airplane  operations. 

The  noise  levels  presented  in  Figs.  3-1  through 
3-4  and  Tables  3-A  and  3-B  have  been  predicted 
using  1)  the  standard  SAE  procedures  outlined  in 
Ref  3  for  jet  noise  calculation  and  2)  the  pro¬ 
cedures  outlined  in  Ref  4  for  compressor  or  fan 
noise  calculations.  Figure  3-5  is  a  reproduction 
of  a  curve  from  Ref  4  showing  the  relationship 
between  engine  compressor  or  fan  parameters  and 
noise  level  of  the  fundamental  discrete  frequency 
generated  by  the  compressor  or  fan.  The  method 
of  Ref  4  is  identical  with  that  used  by  Pratt  & 
Whitney.  The  General  Electric  method  requires 
engine  compressor  data  not  available  at  Boeing. 


3. 2  SUPPRESSED  ENGINE  NOISE 
CHARACTERISTICS 

The  effects  of  compressor,  fan,  and  jet  noise 
suppression  devices  on  predicted  engine  noise 
levels  are  shown  in  Figs.  3-1  through  3-4  and 


Tabies  3-A  and  3-B.  A  discussion  of  the  means 
for  obtaining  the  compressor  and  fan  noise 
suppression  contributing  to  the  total  PNL  reduc¬ 
tions  shown  are  discussed  in  Sec  4. 0  of  this  book. 


The  suppression  Included  in  Figs.  3-1  through  3-4 
is  the  Boeing  prediction  for  the  engine  ami 
nozzles  supplied  by  the  two  engine  manufacturers 
as  well  as  toe  predicted  suppression  tor  the  jet 
suppressor  Boeing  will  have  available  for  toe 
B-2707  production  airplane.  The  Inlet  noise 
suppression  achieved  by  use  of  a  sonic  throat  in 
the  Boeing  propulsion  air  inlet  is  also  included. 
(The  increased  sound  suppression  with  toe  new 
GE,  two-stage  ejector  nozzle  is  not  included). 

This  amount  of  suppression  is  consistent  with  the 
Installed  propulsion  performance  and  weight  used 
in  the  B-2707  performance. 


The  noise  environment  around  the  airport  mid 
in  the  community  during  takeoff,  climbout  and 
landing  approach  maneuvers  has  been  predicted 
for  the  B-2707  (GE)  and  B-2707  (P&WA)  air¬ 
planes.  This  noise  environment  was  predicted 
using  toe  following  procedures:  Maximum  noise 
levels  at  points  on  the  ground  below  and  to  the 
side  of  the  flight  path  were  calculated  according 
to  the  standard  procedures  in  Refs  3,  4,  5,  and 
€.  The  calculation  procedure  assumes  a  gradual 
change  in  noise  attenuation  witt  distance  when 
going  from  ground-to-ground  propagation  to 
air-to-ground  propagation.  The  effect  of  four 
engines  and  their  orientation  with  respect  to  toe 
listener  as  the  aircraft  takes  off  is  also  included. 
This  is  done  by  adding  3  dB  to  the  single  engine's  - 
noise  during  ground  roll  and  gradually  increasing 
toe  increment  to  6  dB  as  toe  airplane  elevation 
angle  increases.  These  transition  effects  are 
assumed  to  be  complete  by  the  time  the  angle 
from  aircraft  to  listener  has  increased  to  20  deg 
with  respect  to  the  ground,  when  several  noise 
sources  contribute  to  toe  noise  level  at  a  point 
on  the  ground,  as  shown  schematically  in  Fig.  3-4 
a  composite  spectrum  is  determined  according  to 
Ref  3.  This  composite  spectrum  is  then  used  to 
compute  the  maximum  perceived  noise  level 
contours  corresponding  to  given  engine  parameters 
and  flight  path  variations. 
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4.0  ENGINE  NOISE  SUPPRESSION  DEVELOPMENT 


The  noise  suppression  characteristics  applied  to 
the  GE  4/J5P  and  P&WA  JTF17A-21B  engines 
have  been  determined  by  many  acoustic  tests  run 
on  J-75,  JT8D,  and  JT3D  engines  and  on  the 
one-eighth  scale  models  of  the  exhaust  nozzles 
of  the  two  proposed  engines.  (The  Increased 
noise  suppression  with  the  new  GE,  two-stage 
nozzle  ejector  Is  not  Included. ) 

4. 1  EXHAUST  NOISE  SUPPRESSION 

4. 1. 1  Engine  Manufacturers'  Exhaust  Nozzles 
The  exhaust  noise  characteristics  of  the  GE  4/J5P 
and  P&WA  JTF17A-21B  engines  were  determined 
by  means  of  tests  in  the  Boeing  acoustic  model 
jet  facility.  One-eighth  scale  models  of  the  two 
engine  exhaust  nozzle  configurations  were  built 
and  tested  at  several  design  operating  conditions, 
Including  after  burning.  The  nozzle  configura¬ 
tions  tested  are  shown  in  Figs.  4-i  and  4-2. 

The  noise  suppression  resulting  from  these 
nozzle-ejector  combinations  was  determined 
from  comparison  with  results  from  standard 
round  nozzles  as  required  by  the  procedures 
established  In  Ref  3.  The  jet  noise  suppression 
obtained  with  the  P&WA  JTF17A-21B  nozzle 
configuration  was  4  PNdB  at  maximum  augmen¬ 
tation  and  3  PNdB  at  maximum  dry  thrust.  The 
jet  noise  suppression  obtained  with  the  GE  4/J5P 
nozzle  configuration  was  1  PNdB  at  maximum 
augmentation  and  2  PNdB  at  maximum  dry 
thrust  condition.  The  jet  noise  suppression 
Boeing  has  used  to  predict  the  suppressed  noise 
levels  of  the  B-2707  airplane  is  shown  In  Fig.  4-3. 
The  suppression  for  the  August  submittal  by 
General  Electric  with  the  new  two-stage  ejector 
nozzle,  may  be  found  In  the  Appendix.  Further 
discussion  of  engine  manufacturers'  suppression 
objectives  may  be  fouud  in  Engine  Airframe 
Technical  Agreement,  D6AJ0193-1  (GE),  and 
D6A10199-1  (P&WA). 

4. 1. 2  Boeing  Exhaust  Nozzles 

In  addition  to  the  noise  suppression  studies 
carried  out  on  the  nozzle-ejector  combinations 
offered  by  the  engine  manufacturers,  Boeing  has 
also  conducted  an  intensive  noise  suppression 
research  and  development  program  to  define 
methods  of  further  Improving  the  noise  charac¬ 


teristics  of  the  B-2707  with  either  of  the  offered 
engines.  This  program,  based  on  15  years  of 
noise  suppression  research  and  development, 
has  yielded  significant  new  information  for 
suppression  of  augmented  propulsion  systems. 

A  number  of  let  wake  noise  suppression  con¬ 
figurations  have  been  Btudied  and  have  been 
tested  model  scale.  One  configuration  tested 
yields  up  to  8  PNdB  reduction.  This  configura¬ 
tion  can  be  installed  in  the  divergent  portion  of 
the  ejector  shroud  of  the  exhaust  nozzle.  The 
reduction  in  airport-community  noise  exposure 
afforded  by  this  suppressor  is  shown  in  Figs.  4-4 
and  4-5.  Pictures  of  the  scale  model  suppressor 
configurations  adapted  to  the  GE4/J5P  and  P&WA 
JTF17A-21B  engines  are  shown  in  Figs.  4-6  and 
4-7.  The  suppression  characteristics  of  this 
suppressor  are  given  In  Figs.  4-8  and  4-9. 


More  advanced  suppression  concepts  developed 
by  Boeing  have  demonstrated  the  potential  to 
reduce  noise  levels  by  as  much  as  15  to  20  PNdB. 
Suppressors  incorporating  these  concepts  will 
require  more  extensive  treatment  of  the  primary 
engine  and  nozzle  system.  This  study  is  being 
conducted  In  a  company-funded  research  program. 
Figures  4-4  and  4-5  show  the  reductions  in  air¬ 
port  and  community  noise  levels  that  would 
result  from  use  of  such  suppressors. 


As  a  result  of  the  above  suppression  studies, 
Boeing  feels  that  a  jet  suppressor  yielding 
10  PNdB  suppression  at  maximum  augmented 
thrust  on  the  GE  Turbojet  and  8  PNdB  on  the 
P&WA  turbofan,  is  feasible  for  the  B-2707  pro¬ 
duction  airplane.  Boeing  will  work  closely  with 
the  engine  contractor  to  develop  this  suppressor 
and  Insure  Its  compatabillty  with  the  engine- 
airplane  configuration.  The  predicted  airport 
and  community  noise  reduction  for  this  suppressor 
1b  also  illustrated  on  Fig.  4-4  and  4-5.  Adjust¬ 
ments  In  thrust  and  weight  have  been  included  in 
the  performance  of  the  B-2707  In  order  to 
determine  the  correct  altitudes  and  thrust  for 
noise  prediction  in  the  community. 
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Propulsion  Report,  V2-2707-12,  and  Refs  7 
and  8  contain  a  more  detailed  report  of  the 
Boeing  noise  suppression  program, 

4.2  COMPRESSOR  NOISE  SUPPRESSION 
Inlet  noise  suppression  on  the  B-2707  is 
accomplished  by  producing  a  sonic  throat  in 
the  inlet  during  operations  in  which  compressor 
or  fan  noise  radiating  from  die  inlet  is  likely  to 
contribute  to  the  overall  noise  level.  The  sonic 
throat  is  obtained  by  expanding  the  oenterbody 
to  a  point  where  air  flow  through  the  inlet 
reaches  sonic  velocity.  Boeing  has  demonstrated 
the  compressor  noise  suppression  afforded 
through  application  of  die  sonic  throat  principle 
in  the  inlet  of  a  J-75  turbojet  engine  {Pig.  4-10 
and  Ref.  9).  Rrthls  test  the  J-75  was  fitted 
with  a  SST-type  inlet  complete  with  simulated 
expanded  oenterbody.  The  effect  of  the  sonic 
throat  on  the  discrete  frequency  compressor 
noise  generated  by  die  J-75  engine  is  shown  bn 
Pig.  4-11.  Predicted  unsuppressed  GE4/J5P 
and  P&WA  JTF17A-21B  Met  noise  spectra  has 
been  superimposed  on  the  J-75  spectra  to 

indicate  tbe  predicted  change  in  noise  level _ 

between  the  SST  engines  and  the  J-75.  Elimina¬ 
tion  of  the  discrete  frequency  spikes  present  in 
the  SST  engine  spectra  will  result  in  a  possible 
30-dB  reduction  in  toe  peak  noise  level 

Additional  testing  has  been  conducted  at  Boeing 
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Boeing  has  conducted  teats  00  fan  engines  to 
determine  die  feasibility  of  acoustically  treating 
fan  discharge  ducts  to  attenuate  discrete  fre- 
quency  noise.  Results  of  teste  oh  a  JT8D  engine 
{Fig.  4-13)  show  large  attenuations  of  discrete 
frequencies.  As  much  as  20-dB  reduction  was 
obtained  with  50  in.  of  treatment  on  one  aide  of 
the  duct  (Figv  4-14).  A  more  detailed  report  of 
the  test  and  the  results  may  be  found  In  Ref.  10. 


lined  fan  discharge  ducts,  showed  substantial 
attenuation  Ate  to  the  liner  {Fig,  4-16  and  Ref,  II). 


on  a  5-in.  diameter  model  inlet  to  examine  near 
sonic  as  well  as  sonic  conditions  under  both 
simulated  flight  and  static  conditions.  Figure 
4-12  shows  the  effect  of  inlet  mach  number  on 
the  suppression  as  determined  from  this  test. 

The  sonic  condition  shows  a  reduction  in  noise - 

level  of  40  dB.  Simulated  airplane  speed  had  no 
measurable  effect  on  the  suppression  achieved 
by  toe  sonic  throat.  A  detailed  report  of  the  test 
and  the  results  may  be  found  in  Ref  2. 

4. 3  FAN  NOISE  SUPPRESSION 
The  noise  generated  in  the  fan  Bectton  of  a  turbo¬ 
fan  engine  and  propagated  rearward  through  toe 
fan  discharge  duct  has  toe  same  noise  intensity 
as  that  propagated  forward  through  the  inlet. 
Suppression  of  this  noise  is  therefore  essential 
if  substantial  total  noise  reduction  is  to  be  achieved. 


R  would  appear  from  Apse  teste  tost  discrete 
frequency  notes  from  the  fan  can  be  attenuated 
10  to  15  dB  by  use  of  acoustical  absorptive 
material  fitted  within  toe  present  design  of  the 

JTF17A-21B  engine.  Additional  suppression - 

should  also  be  possible  through  proper  fan  design. 

Pratt  and  Whitney  has  guaranteed  a  15  dB  reduc¬ 
tion  from  the  predicted  fan  discharge  noise  levels 
produced  by  the  unsuppressed  JTF17A-21B  engine. 
It  is  expected  that  this  suppression  will  be  achieved 
by  {1}  proper  fan  design  for  minimum  noise  gen¬ 
eration  and  {2)  acoustic  treatment  of  the  fan  dis¬ 
charge  duct  wall  to  attenuate  toe  discrete  fre¬ 
quency  fan  noise  as  it  is  propagated  through  toe 
duet.  This  reduction  has  been  used  in  the  calcula¬ 
tion  of  toe  B-2707  (P&WA)  airplane  noise  levels. 
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1-B  BELLMOUTH  REMOVED  SHOWING  EXPANDED  POSITION  SPIKE 


Figure  4-70  J-75  Installation  For  Acoustic  Evaluation  o f  Sonic  Throat 


1-A  COMPLETE  INSTALLATION  WITH  BELLMOUTH 
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2-B  OUTER  COWLING  IN  PUCE 
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5. 0  ACTIVITIES  PLAN 


The  airport  and  community  noise  activities  plan 
has  as  its  objective  the  acceptance  of  the  B-2707 
into  its  airport  environment  from  a  noise  stand¬ 
point.  To  achieve  this  objective  the  activities  plan 
includes: 

a.  Continuation  of  compressor,  fan,  and  jet 
noise  supresslon  studies. 

b.  Evaluation  of  suppression  techniques  pro¬ 
posed  by  the  engine  contractor. 

c.  Evaluation  of  engine  noise  data  supplied 
by  the  engine  contractor. 

d.  Application  of  proven  suppression  tech¬ 
niques  to  the  SST. 

e.  Analysis  of  noise  from  the  Prototype  and 
Production  Engines. 

f.  Analysis  of  noise  from  inflight  operations 
of  the  Prototype  and  Production  Airplane. 

g.  Development  and  evaluation  of  noise  con¬ 
tours  for  airports. 

h.  Examination  of  methods  of  airplane  opera¬ 
tion  to  reduce  noise  levels. 

1.  Examination  of  the  human  response  to 
aircraft  noise. 

The  responsibility  for  these  activities  is  assigned 
to  the  Acoustics  Unit  of  the  Electrodynamics  Staff 
reporting  to  the  Chief  of  SST,  Technology,  Boeing 
SST  Division,  with  support  from  the  Propulsion 
Staff,  the  Aerodynamics  Staff,  and  Flight  Test. 
(Refer  to  Program  Management,  V5-B2707-8. ) 

The  airport  and  community  noise  activities  plant 
will  be  executed  in  accordance  with  the  program 
schedule  shown  in  Fig.  5-1. 

Further  work  plans  are  contained  in  the  Detail 
Work  Plan,  V5-B2707-4.  Control  of  the  program 
will  be  maintained  through  the  use  of  detailed  and 
summary  PERT  networks  and  periodic  status 
reporting.  These  activities  are  consistent  with 
Integrated  Test  Program,  V4-B2707-11. 


5. 1  NOISE  SUPPRESSION  DEVELOPMENT 
Boeing' 8  noise  suppression  development  will  be 
continuous  through  Phases  HI,  IV,  and  V  to  ensure 
airport  compatibility  of  all  versions  of  the  B-2707 
with  all  airports  from  which  it  will  operate. 

5. 1. 1  Jet  Noise  Suppression 

Jet  noise  suppression  will  Include  analysis  of  jet 
noise  generation  and  suppression.  Model  and  full 
scale  testing  of  various  nozzle  and  ejector  shapes 
will  be  conducted.  The  objective  of  these  studies 
will  be  to  establish  suppressor  optimization  rules 
by  which  suppressors  can  be  designed  to  give 
maximum  sound  reduction  for  the  least  thrust  loss 
and  weight  penalty.  This  effort  will  be  integrated 
with  the  engine  contractor's  studies  to  obtain  the 
optimum  jet  suppression  on  the  engine. 

5. 1. 2  Compressor  Noise  Suppression 
Compressor  noise  suppression  studies  will  be 
directed  primarily  to  the  optimization  of  suppres¬ 
sion  through  control  of  airflow  through  the  inlet. 
Sonic  and  near  sonic  flow  conditions  created 
through  expansion  of  the  inlet  centerbody  will  be 
examined  to  assure  maximum  compressor  inlet 
noise  attenuation  for  all  ground  and  flight 
operations. 

5. 1.  3  Fan  Noise  Suppression 
Fan  noise  suppression  studies  will  include  inlet 
airflow  control  investigations  as  described  in 
Par.  5. 1.  2  with  additional  studies  on  suppression 
of  discrete  frequency  noise  generated  by  the  fan  and 
propagated  down  the  fan  discharge  duct.  Absorp¬ 
tive  studies  will  continue  in  conjunction  with  the 
engine  contractor's  noise  studies  to  help  design 
absorptive  linings  and  acoustic  impedance  mis¬ 
match  devices  for  reducing  downstream  noise 
propagation. 

5.  2  AIRPORT  NOISE  STUDY 
The  airport  noise  study  currently  being  conducted 
will  be  expanded  to  include  other  airports,  both 
domestic  and  foreign.  B-2707  engine-airplane 
noise  characteristics  will  be  monitored  continu¬ 
ously.  The  pattern  of  noise  complaints  in  airplane- 
noise  sensitive  areas  near  airports  will  be  studied. 
Methods  of  reducing  the  noise  problems  through 
noise  suppression  and  noise  abatement  techniques 
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on  the  engine  and  airplane  will  be  investigated. 

These  methods  will  be  recommended  to  the  FAA, 
the  airlines,  and  the  airport  operators  when  their 
use  could  result  in  alleviation  of  noise.  Airport 
and  community  noise  report  will  be  prepared  in 
accordance  with  the  data  list. 

5.  3  SUBJECTIVE  REACTION  PROGRAM 
A  current  Boeing  research  program  to  study  the 
subjective  effects  of  noise  is  divided  into  three  con¬ 
current  efforts: 


and  working.  These  studies  will  explore  the 
effects  of  noise  on  sleeping,  reading,  communica¬ 
tions,  concentration,  task  performance  etc. 

c.  Derivation  of  relationships  between 
community  complaints  and  past  aircraft  noise 
exposures.  These  studies  will  identify  significant 
correlation  between  aircraft  type,  flight  procedures 
noise  characteristics,  weather,  season,  time  of 
day,  airport  topography,  etc. ,  and  relevent  com¬ 
munity  complaint  data. 


a.  Studies  of  psycho-acoustical  perception 
and  scaling,  Emphasis  is  on  the  relationship  be¬ 
tween  subject  judgements  and  the  physical  vari¬ 
ables  of  sounds  (e.  g.  octave  band  spectrum,  dis¬ 
crete  frequency  components,  duration,  and  doppler 
effects). 

b.  Examination  of  jet  aircraft  noise  as 


5. 4  TEST  SCHEDULE 

The  test  schedule  planned  to  ensure  B-2707  com¬ 
pliance  with  airport  and  community  noise  guarantee 
includes: 

a.  Tests  on  model  scale  jets  to  develop  jet 
noise  suppressors. 


potential  interference  with  present  modes  of  living 
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b.  Ground  Tests  on  large  scale  and  full 
scale  engines  to  provide,  verification  of  model  scale 
test  results. 

c.  Large  scale  tests  of  the  sonic  throat 
principle. 

d.  Large  scale  tests  of  fan  discharge 
acoustic  liners  for  discrete  frequency  attenuation. 

e.  Flight  tests  to  ensure  adequate  noise 
suppression  of  selected  noise  suppression  devices 
during  low-speed  flight  operations. 


Technical  knowledge  gained  by  the  Boeing  Company 
in  making  community  noise  measurements  of  its 
family  of  jet  transports  will  be  utilized  in  estab¬ 
lishing  procedures  for  testing  and  for  data  analysis 
of  the  B-2707. 


The  prototype  will  be  used  to  determine  the  ground 
and  flight  noise  characteristics  of  the  B-2707 
engine-airplane  configurations  with  noise  suppres¬ 
sion  devices  developed  to  that  time.  The  first 
production  B-2707  will  be  used  to  show  compliance 
with  guaranteed  noise  levels  for  both  ground  and 
flight  operations.  These  noise  levels  will  be 
determined  through  a  series  of  takeoff,  flyby, 
landing  approach,  and  static  ground  operations  of 
the  B-2707.  Measurements  will  be  made  around 
the  engine,  under  the  flight  path,  and  at  specific 
distances  to  the  side  of  the  flight  path  to  ensure  that 
no  significant  data  points  are  missed.  Extensive 
use  will  be  made  of  computerized  data  reduction 
and  analysis  techniques.  FAA  recommended  pro¬ 
cedures  will  be  used  for  instrumentation  calibra¬ 
tion,  data  acquisition,  and  data  analysis  when 
such  procedures  are  appropriate. 

All  test  results  obtained  during  the  course  of  the 
Activities  Program  will  be  documented  as  each 
series  of  tests  is  completed.  All  documentation 
will  be  made  available  to  the  FAA,  the  airlines, 
and  the  airport  operators. 
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ADDENDUM 


SUMMARY  REPORT  -  8  AUGUST  1966  ENGINE  PERFORMANCE  DATA 

Hie  foregoing  document  is  based  upon  engine  performance 
data  received  prior  to  IS  July  1966. 

Because  there  was  insufficient  time  available  to  completely 
revise  the  B-2707  performance  after  receiving  the  8  August  1966  firm 
technical  engine  data,  the  following  summary  is  provided  to  show  the 
major  effect  of  the  firm  data  on  file  airplane  performance  shown  in  the 
Phase  IQ  proposal  documents.  Only  the  most  important  figures  have 
been  provided  herein. 

If  additional  or  supplemental  data  is  needed,  a  request  to 
The  Boeing  Company,  SST  Division,  will  receive  immediate  attention. 


ADDENDUM 

AIRPORT  AND  COMMUNITY  NOISE 
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Sf  HON  1.0 

INTRODUCfiuN  AND  SUMMARY 

The  Biding  SST  Proposal  is  pi'epared  on  tfie  basis  of  engine  manufacturer  ~ 
technical  data  received  prior  to  July  15,  1986.  On  August  8,  1966,  firm 
technical  data  was  received  from  General  Electric  ami  Pratt  &  Whitney 
Aircraft  which  differed  in  some  respects  from  the  data  received  prior  to 
July  15,  1966.  The  purpose  of  this  addendum  is  to  describe  the  significant 
differences  and  to  summarize  effects  on  performance  of  the  Boeing  Model 
2707  airplane. 

All  information  in  the  proposal  is  based  on  the  July  15,  1966  engine  data  with 
the  exception  of  the  Phase  III  Proposal  Summary,  V1-B2707-1,  Propulsion 
Report  ~  Part  C,  Engine  Evaluation,  V2-B2707-14,  and  this  addendum.  These 
documents  are  based  on  engine  data  received  from  the  engine  manufacturers 
as  of  August  8,  1966. 

1.1  ENGINE  DIFFERENCES 

The  General  Electric  GE4/J5P  engine  data  received  on  August  8,  1966,  pro¬ 
vided  lower  airport  and  community  noise  levels  for  all  engine  operating  con- 

nozzle  and  noise  suppression  data  obtained  from  J-93  engine  testing.  Acoustic 
data  provided  by  General  Electric  also  indicated  reduced  turbine  noise  from 
that  being  predicted  by  Boeing  for  the  GE4/J5P  engine.  These  changes  pro¬ 
vide  significantly  improved  takeoff  and  approach  noise  for  the  B-2707  (GE). 

An  improvement  in  transonic  thrust  was  also  provided.  Updated  installed 
engine  weight,  including  optional  equipment  has  resulted  in  a  112-lb  weight 
increase  for  the  GE4/J5P  engine  installation.  Engine  changes  have  not  affected 
the  installed  pod  configuration. 

In  the  case  of  Pratt  &  Whitney  Aircraft  JTF17A-21B  engine,  a  2-percent 
reduction  in  specific  fuel  consumption  (SFC)  at  essentially  all  operating  con¬ 
ditions  was  the  principal  change.  This  Improvement  reduces  B-2707  (P&WA) 
fuel  consumed  over  the  design  mission  and  lowers  the  reserve  fuel  require¬ 
ments.  Updated  installed  engine  weight  including  optional  equipment  has 
resulted  in  a  190-lb  weight  increase  for  the  JTF17A-21B  engine  installation. 
Engine  changes  have  not  affected  the  installed  pod  configu ration. 


1.2  AIRPLANE  PERFORMANCE 

Hie  major  effects  of  these  engine  changes  on  airplane  performance  are 
summarized  in  Table  l-A  for  the  International  B-2707  with  a  maximum  ~ 

design  text  weight  of  675, 000  lb  and  in  Table  1-B  lor  the  domestic  airplane 
with  a  maximum  design  taxi  weight  of  5?5, 000  lb.  The  improved  hot  day 
range  capability  and  noise  characteristics  of  the  B-2707  (GE)  are  apparent, 
as  Is  the  improved  range  capability  of  the  B-2707  (P&WA). 


TabU  ?-A.  ParUrmaae*  Chongas  Intarnatloaal  Hittion 


B-2707  (OE) 

Maximum  Taxi  Grogs  Weight  =  675.-000  Ux - - - 

•’  ;;■■■ .  ■  "  b 


Operational  Empty  Weight  lb 

Y,* 


Range  with  60, 000  lb  Payload 


AP  =  2, 5  psf 
max 


Standard  Day,  n  mi 

Standard  Day  +  10°C,  nmi 
Climb 


Standard  Day,  nmi 
M  -  0.^5  Cruise 
Standard  Day,  nmi 


Takeoff  Noise,  PNdb 


Maximum  Augmented  Thrust 


Airport  Noise 


Standard 

Day 


Community  Noise 
eg  at  0.  595  Cr 
eg  at  0,615  Cr 


Airport  Noise 


Community  Noise 
eg  at  0.  595  Cr 


Landing  Approach  Noise,  PNdB 


Standard  Day 


Landing  Weight,  lb 


30°/50°  , 

Flaps  08  “ 


Decelerating  Approach 


eg  at  0. 615  Cr 


eg  at 


430,000  430,000  420,000  420,000 


112 

1 

105 

115 

j 

115 

ill 

103 

114 

HKS3BI 

113 

107 

116 

116 

108 

98 

111 

111 

Tabl*  1-8.  Ptrformanc*  Changes,  Domestic  Mission 


Domestic 

B-2707  (GE) 

Domestic 

B-2707  (P&WA) 

Maximum  Taxi  Gross  Weight  =  575, 000  lb 

July  15, 

1966 

Basis 

Aug.  8, 
1966 

Basis 

July  15, 
1966 

Basis 

Aug.  8, 
1966 

Basis 

Operational  Empty  Weight  lb 

275,500 

275,500 

273,000 

273,760 

Range  with  50, 000  lb  Payload 

AP 

max 

2. 0  psf  Climb;  1.  5  psf  Cruise 

Standard  Day,  nml 

2,450 

2,465 

2,442 

2,493 

Standard  Day  +  10°C,  nml 

2,295 

2,368 

2,268 

2,307 

M  =  0, 85  Cruise 

Standard  Day,  nml 

2,571 

2,571 

3,042 

3,100 

Takeoff  Noise, 

PNdb 

Maximum  Dry  Thrust 

80%  Maximum 

Aug.  Thrust 

Standard 

Airport  Noise 

117 

115 

114 

114 

Day 

Community  Noise 
eg  at  0, 595  Cr 

99 

93 

103 

103 

eg  at  0. 615  Cr 

98 

92 

102 

102 

Standard 

Airport  Noise 

116 

114 

114 

114 

Day 

+  15°C 

Community  Noise 
eg  at  0.  595  Cr 

107 

99 

108 

108 

Landing  Approach  Noise,  PNdB 

Standard  Day 

Landing  Weight,  lb 

410,000 

410,000 

400,000 

400,000 

0  ,  o 

20  /40 

eg  at  0.  595  Cr 

112 

104 

115 

115 

Flaps 

eg  at  0. 615  Cr 

110 

102 

114 

114 

30°/50° 

Flaps 

eg  at  0. 615  Cr 

112 

106 

116 

116 

Decelerating  Approach 

‘  -  - 

108 

98 

111 

111 

SECTION  2.0 
ENGINE  CHANGES 


2. 1  PERFORMANCE 

2. 1. 1  General  Electric  GE4/J5P  Engine 

A  6-percent  improvement  in  transonic  thrust  was  provided  as  well  as  increased 
transonic  hot  day  thrust  by  means  of  higher  engine  rpm  and  increased  airflow 
for  an  incremental  50-lb  weight  increase.  Figure  2-1  shows  the  change  in 
hot  day  transonic  thrust  for  a  2. 5  PSF  sonic  boom  overpressure  climb  path. 
Reduced  transonic  inlet  drag  due  to  lower  bypass  airflow  is  also  shown. 

2. 1. 2  Pratt  &  Whitney  Aircraft  JTF17A-21B  Engine 

The  two  percent  SFC  reduction  for  the  JTF17A-21B  engine  at  all  power 
settings  except  idle  power  is  listed  in  Table  2-A  for  important  B-2707  oper¬ 
ating  points.  This  improvement  is  provided  as  a  result  of  increased  com¬ 
ponent  efficiencies  demonstrated  in  primary  burner,  duct  burner,  and  nozzle 
component  development  programs. 

2. 2  INSTALLATION 

Pod  configuration  and  external  contours  for  both  engine  installations  arc 
unchanged.  The  final  installed  pod  weights  for  both  engines  including  added 
weight  for  optional  equipment  are  listed  in  Table  2-B. 

2. 3  NOISE 

The  noise  characteristics  of  the  JTF17A-21B  remain  unchanged  fn»r'  ;t»t  w. 
data  presented  in  the  body  of  the  Boeing  SST  proposal.  Tin-  r  of  the 

discussion  concerns  the  GE4/J5P  engine. 

2.  3. 1  Engine  Noise  Characteristics  GE4/J5P 

The  engine  noise  characteristics  of  the  GE4/J5P  engine  have  been  predicted 
from  the  engine  data  and  jet  noise  suppression  as  supplied  by  General 
Electric.  Additional  engine  noise  suppression  achieved  through  inlet  choking 
by  use  of  the  sonic  throat  principle  as  described  in  the  Airport  and  Community 
Noise  Program  report,  V4-B2707-4,  has  also  been  included.  The  jet  noise 
suppression  values  used  in  the  calculation  of  noise  levels  for  the  GE4/J5P 
engine  are  shown  in  Fig.  2-2.  These  values  have  been  determined  by  General 
Electric  through  acoustic  tests  that  have  been  conducted  on  a  J-93  engine. 


2.  3. 1  (Continued) 


The  unsuppressed  noise  levels  for  the  GE4/J5P  engine  for  ground  and  flight 
Derations  are  shown  in  Figs.  2-3  and  2-4.  Also  shown  in  these  figures  are 
he  predicted  noise  levels  with  all  suppression  included.  The  effect  of  the 
open-nozzle  concept  wherein  the  nozzle  throat  area  is  maintained  on  a  maxi- 
mum  area  schedule  is  included  in  the  suppressed  noise  level  predictions.  The 
pre  icted  noise  spectra  for  a  series  of  engine  operating  conditions  have  also 
been  predicted  and  are  presented  in  Table  2-C. 


Noise  levels  beneath  and  to  the  side  of  the  airplane  flight  path  have  been 
determined  from  the  revised  noise  data.  These  levels  have  been  integrated 
into  contours  of  Perceived  Noise  Level  for  takeoff.  These  contours  are  shown 
for  the  B-2707  (GE)  international  airplane  in  Fig.  4-12  and  the  B-2707  (GE) 
domestic  airplane  in  Fig.  4-14. 


The  landing  noise  characteristics  of  the  B-2707  (GE)  have  changed  signifi¬ 
cantly  due  to  the  noise  data  presented  on  August  8,  1966.  These  data  indicated 
that  turbine  noise  would  not  contribute  significantly  to  the  total  noise  from  the 
airplane  even  at  landing  approach  power  settings.  Boeing  had  been  predicting 
very  significant  noise  increases  due  to  turbine  noise  contribution.  The  pre¬ 
dictions  were  based  on  the  J-75  engine  acoustic  test  results.  Since  the  GE 
data  were  obtained  on  an  engine  more  closely  resembling  the  SST  turbojet 
offering,  these  data  should  be  more  representative  of  the  noise  characteristics 
of  the  SST  engine.  Therefore  the  B-2707  landing  noise  levels  have  been 
revised  to  conform  to  the  August  8,  1966  data  inputs.  The  results  of  these 
revisions  are  shown  in  Figs.  4-17  and  4-18. 
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Figure  2—4 .  Mots#  Characteristic  s  of  GE4/J5P  Engines  For  Static  Ground  Operations 


.’i  '.-••  •  i •*■•■  ■••'J  ■ 

W‘  i1'  -  •••  .  •  • ' 


r£i$' 


Wmm 


; 


1 


©  ©  ©  to 

•  «  •  1 

pH  Cv  05  «jt 

N  pH  pH  pH 


«  Cl  N 
<C  CO  © 


rH  tV  ©  JO 

©  KS  to  IO 


??  a.  a 


to  to  ‘to  to 

tv  t—  tv  tv 


$»  I  <50  ©  t» 

©I  ©  ©  © 


®  «  t-  eo 

©  ©  ©  © 

pH  fl  rH  pH 


CO  05  pH  CP 

ft  ©  vt  © 

*"<  ft  pH  pH 


CO  © 
«H  © 


Q  a  h  t< 
<h  ©  ,h  © 


w  ©  ©  © 


§ss§gggg 

rV  *H  f— I  fV 


©  © 
00  CO 


S3  S» 


£  S 


CO  00  ©  I  © 

«  I  tv  ao  I  iv 


00  Hl<  I  tO  pH  ©  tf  to  p>) 

pH  pH  pH  pH  ©  I  0D  CO  » 


Hht>ciwao® 

NHrtHffljul#® 
pH  pH  pH  pH  I 


00  ■*  ©  <N 


3  ©  pH  IV 

©  ©  as  ao 


5,  ®  *  »  co 

*“4  iH  iH 


*5  2  *a  £ 

o  »  a>  ^ 

CO  4>  CD  © 

B  »  © 


8  |  S  7  I  s 

ills!! 

«  S3  «  Sm  £>  «J  , 

1  »  •  >  •  «  cr 


CO  ©  ©  to  co  ©  ©I© 

pH  ©  pH  O  ©  00  ©  1  00 


tO  ©  ©  ©!©  ©  I  ©  I  © 


»  H  N  «  a  t; 

CO  04  Cd  pH  ©  © 

pH  pH  pH  pH 


T3 

O 

*0  ® 
m  CB 

03  $ 

00  fa 

2  I 


Hi 

i  i 


SSSS 


S  5  £  £  g 
•  1  £  »  • 
£  °i 


SECTION  3.0 

AIRPLANE  WEIGHT  EFFECTS 

The  Airframe  Design  Report  -  Part  A,  Weight  and  Balance,  gives  an  >i  ; 
Operating  Empty  Weight  breakdown  of  the  GE  and  P&WA  powered  airplanes 
Table  3 -A  lists  these  comparative  weights  as  they  are  modified  by  the 
August  8,  1966  engine  data  and  other  related  airplane  changes. 

The  760-lb  weight  change  in  the  P&WA  powered  airplane  increaseo  the 
Manufacturer’s  Empty  Weight,  Operating  Empty  Weight  and  Zero  Fuel 
Weight  of  the  following  P&WA  powered  airplanes: 

a.  635, 000-lb  gross  weight  design  point  airplane 

b.  675,  000-lb  gross  weight  production  international  airplane 

c.  635, 000-lb  gross  weight  prototype  airplane 

d.  575,  000-lb  gross  weight  production  domestic  airplane 


TABLE  3-A 

OPERATING  EMPTY  WEIGHT 


GROUP 

GE 

P&WA 

Engines 

44, 950 

42,560 

Nacelle 

12,300 

12,900 

Horizontal  Tail 

20,400 

20,460  | 

1 

Engine  Accessories  -  ADS 

1,100 

1,160 

Anti-Icing  and  Anti-Fogging 

280 

330 

Starting  System 

400 

430 

Fuel  System 

7,400 

7,510 

Hydraulic  System 

(1) 

3,  600 

d) 

3,429 

Body  Structure 

47,300 

47,220 

Other 

149,770 

149,  770 

Operational  Empty  Weight 

(Max.  design  taxi  weight  675,  000  lb) 

287,500 

285,760 

Original  Operating  Empty  Weight 

287,500 

285,000 

Weight  Change 

0 

+760  lb 

(1) 


Includes  effect  cf  ram  air  turbine  -  B-2707  (GE)  only 


SECTION  4.  0 

AIRPLANE  PERFORMANCE 


The  effect  of  the  changes  in  engine  data  on  the  standard  day  payload-range 
capability  are  illustrated  in  Fig.  4-1  for  the  international  B-2707  and 
Fig.  4-2  for  the  domestic  airplane.  As  noted,  there  is  no  significant  effect 
on  the  standard  day  range  of  the  B-2707  (GE).  The  improved  specific  fuel 
consumption  of  the  Pratt  &  Whitney  Aircraft  engine  results  in  slightly  less 
than  2  percent  increase  in  range.  The  effect  of  temperature  changes  from 
standard  day  on  range  are  shown  in  Fig.  4-3  for  the  B-2707  (GE)  and  Fig. 

4-4  for  the  B2707  (P&WA).  There  is  no  change  for  the  B-2707  (P&WA)  curve 
since  the  effect  of  temperature  on  the  engine  data  did  not  change. 

Figures  4-5  and  4-6  show  the  off-loaded  supersonic  range  capability  and 
corresponding  transonic  thrust  margins  for  the  airplanes.  The  range  per¬ 
formance  with  a  mixed  subsonic  and  supersonic  mission  is  shown  in  Fig.  4-7. 
Figures  4-8  and  4-9  show  fuel,  time,  and  distance  breakdowns  for  a  nominal, 
standard  day,  intercontinental  mission  at  a  maximum  sonic-boom  overpressure 
of  2.  5  psf  for  both  airplanes. 

Summaries  of  takeoff  performance,  using  maximum  augmented  thrust,  are 
shown  in  Figs.  4-10  and  4-11.  The  significant  change  in  takeoff  performance 
is  in  the  airport  and  community  noise  of  the  B-2707  (GE).  The  changes  in 
noise  characteristics  are  shown  in  more  detail  by  the  noise  contours  around 
the  airport  in  Figs.  4-12  through  4-15. 

The  noise  data  shown  on  the  preceding  curves  are  based  on  the  engines  as  pro¬ 
posed  by  the  engine  contractors  with  the  use  of  a  sonic  throat  in  the  inlet  at 
reduced  powers.  With  the  Boeing  noise  suppressor,  the  August  8,  1966 
General  Electric  engine  data  have  resulted  in  an  additional  1  PNdb  reduction 
in  the  airplane's  noise  characteristics  at  maximum  augmented  thrust.  Noise 
contours  with  the  Boeing  jet  suppressor  are  compared  in  Fig.  4-16  for  the 
B-2707  (GE). 

The  only  change  in  landing  performance  for  the  airplanes  caused  by  the 
changed  engine  data  is  in  the  approach  noise  for  the  B-2707  (GE)  as  shown  ir. 
Figs.  4-17  and  4-18.  Figure  4-19  shows  the  B-2707  (P&W)  landing  performance. 
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Figure  4—1.  Payload— Range,  International  Model  B—2707 
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F i gvr*  4-3.  Effect  of  Temperature  Change  an  Range  Model  B- 2707  ( CE ) 
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Figure  4-5.  Off-Loaded  Airplane  Performance  Model  B—2707  (GE) 
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Figure  4-7.  Operational  Versatility  Model  B-2707 
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Max.  Design 

Taxi  Weight  -  675,000  1b 
OEW  =  287,500  lb 

Payload  =  50, 000  lb 
Wing  A  rea  =  9, 000  ft2 

Engine  -  GE4/J5P 

Airflow  =  620  lb/sec 

Std  Day,  Zero  Wind 
Phase  ni  Rules 
Block  Time  =  3. 290  hr 

Block  Fuel  -  292,181  lb 


Fuel 

Burned 

(lb) 

Fuel 

Remaining 

(lb) 

End  of 
Operation 
(lb) 

Time 

(hr) 

Distanc 

(nmi) 

1.  Taxi -out 

4,060 

333,440 

670,940 

0.167 

— 

2#  Takeoff  (Sea  level  to  35  ft) 

4,150 

329,290 

666,790 

0,010 

— 

3.  Acceleration  to  climb  speed 

4,700 

324,500 

662, 000 

0.024 

5. 

4 ,  Departure  air  maneuver  allowance 
(250  kts  EAS  *  5, 000  ft) 

4,000 

320,500 

658, 000 

0. 0673 

— 

5.  Acceleration  and  climb 

81,400 

238, 800 

576,600 

0.411 

337 

6.  Supersonic  cruise  climb 

186,791 

52,309 

389,809 

2.112 

3271 

7.  &  8.  Deceleration  and  descent 
(cruise  altitude  to  1,500  ft) 

2,330 

49, 979 

387,479 

0.333 

206 

9.  Destination  air  maneuver 
(Approach  &  Landing  Allow¬ 
ance,  250  kts  EAS  at  5, 000  ft) 

WT  =  WT  at  (8)  =  5%  block  fuel 

2,940 

47,039 

384,539 

0. 083 

— 

10.  Taxi-in 

(1,720)* 

0. 083 

— 

TOTAL  MISSION 

290,461 

3.290 

3819 

Reserves 

A.  5  percent  block  fuel 

14,609 

369, 930 

B.  Missed  approach  (climb 
sea  level  to  1, 500  ft) 

2,510 

367,420 

C.  Climb  from  1, 500  ft  subsonic 
cruise,  descent  to  sea  level 
at  altn  (300  st  mi) 

20, 070 

347,350 

D.  20  min  hold  at  15, 000  ft 
over  alternate 

9,850 

337,500 

TOTAL  RESERVES 

47^039 

TOTAL  FUEL 

337,500 

*  Fuel  burned  not  included  in  mission  fuel; 

for  D.  O.  C. 

only 

Figure  4-8  R-2707  (GE)  International  Supersonic  Cruise  Mission 


Weight  At 
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M*  2.7 


Max  Design 

Taxi  Weight  075,000  lb 
OKW  -  285,700  lb 

Pnylnnrl  50,000  1b 

Winn  Aren  0,(K)0  sq  ft 

Engine  *  PWAJTF17A-2IB 

Wn  ■-  087  Ib/sec 

Std  Dny,  Zero  Wind 
Pham*  Ill  Rules 
Block  Time  _  a.  400  hr 

Block  FVcl  207,890  1b 


I,  Taxi -out 


2.  Takeoff  (Sea  level  to  35  ft) 

3.  Acceleration  to  climb  speed 

4.  Departure  air  maneuver  allowance 
(250  kts  FAS  6  5,000  ft) 

5.  Acceleration  nnd  climb 

0.  Supersonic  cruise  climb 

7.  Xr  8.  Deceleration  and  descent 
(endse  altitude  to  l,i«00  ft) 

9.  Destination  nlr  mnnetiver 
(Aoproneh  ft  banding  Allow¬ 
ance,  250  kts  FAS  at  5,000  ft) 

WT  \VT  at  (8)  5'J,  block  ftiel 


ALT  *  61 ,000  FT 
CLIMB 

A  PMAX 

0.  / 

©0© 


© 

CRUISE  CLIMB 

APMAx-i-87f,SF 


Fuel 

Burned 

(lb) 


181,020 


2.070 


2,234 


Fuel 

Remaining 

(lb) 


2. 880  330, 300 

4,385  331,975 

4.880  327,095 


3,100  323,935 
95,400  228,535 


46,909 


44,839 


42,005 


Weight  At 
End  of 
Operation 
(lb) 

072, 120 
007,735 
002, 855 


659, 695 
504,295 
382, 069 


380, 599 


378,305 


ALT- 68,100  FT 
1(7)  DESCENT 
A  PMAX  * 

\®Q  U5PSF 


0.167 


0.010 


0.U43 


0. 007 


0.320 


0.083 


Distance 

(nmi) 


0.570  422 


2.051  3,180 


10.  Taxi-In 

TOTAl,  MISSION 

Rose ryes 

A.  5  percent  block  hud 

ft,  Mi  il  approach  (climb 
V-  Avol  In  1,500  ft) 

C.  i  ib  frt«m  1,000  ft  HubHiinle 

Ise,  ikmcond  to  sen  level 
at  altn  (300  at  ml) 

D.  ao  min  hold  at  l5,ooo  ft 
over  alternate 

TOTAl.  RESERVES 

TOTAl.  Fl'KI 


(1,255)* 

290,035 


14,895 


2,200 


17,070 


7,840 

42,005 

339,240 


0.083 


3.400  3,808 


363,470 


361,270 


343,600 


335,760 


•  Fuel  burned  not  Included  In  mission  fuel;  for  I).  O.  C.  only 

Figure  4-9  8-2707  (P4W A)  International  Supersonic  Cruise  Mission 


Figure  4-10.  Takeoff  Performance  Model  B-2707  ( CE ) 
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TAKEOFF  WEIGHT,  IOOO  LB. 

Figure  4-11.  Takeoff  Performance  Model  B-2707(P£V/A) 


[ 

[ 

[ 

[ 

l 

l 

i 

i 


26 


Figure  4—12.  Noise  Contours,  International  Mission,  Standard  Day  Model  B-2707  (GE) 


DISTANCE  FROM  BRAKE  RELEASE  1000  FT 

Figure  4—14.  Nolao  Contours,  Domoatic  Mission,  Standard  Day  Modal  B-2707  (GE) 


WEI&HT  h  57d,000  LB.  !  B  H2.701  (  P  £  W  A) 


DISTANCE  FROM  BRAKE  RELEASE  10G0  FT 

Figure  4—15.  Noise  Contours,  Domestic  Mission  Standard  Day  Model  B—2707  (P  <5  WA} 


DISTANCE  FROM  BRAKE  RELEASE  1000  FT 

Figure  4—16 .  Noise  Contours,  Boeing  Jet  Suppressor,  Model  8  —2707  (GE) 
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Figure  4-1 7.  Landing  Performance  Model  B-2707  (CE) 


DISTANCE  FROM  THRESHOLD,  1000  FT 

Flgurt  4-18.  Landing  No/s*  Contours,  Inttrnational  Mission  0-2707  (GE) 
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Figure  4-19.  Landing  Pa 
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